Six RNA extraction methods, i.e., RNAqueous kit, Micro-to-midi total RNA purification system, NucleoSpin RNA II, GenElute mammalian total RNA kit, RNeasy mini kit, and TRIzol LS reagent, were evaluated on blood and 7 tissues from pig infected with classical swine fever virus (CSFV). Each of the 6 extraction methods yielded sufficient RNA for positive results in a real-time reverse transcription-PCR (RT-PCR) for CSFV, and all RNA, except the one extracted from blood by TRIzol LS reagent, yielded positive results in both a conventional RT-PCR for CSFV and a conventional RT-PCR for an endogenous gene encoding ␤-actin. The RNA extracted from blood by TRIzol LS reagent became positive in both conventional RT-PCR assays when it was diluted to 1:2, 1:4, or up to 1:64 in nuclease-free water. It is concluded that all 6 methods are more or less useful for the detection of CSFV by real-time and conventional RT-PCR in swine blood and tissues. However, some of the 6 reagents offer certain advantages not common to all 6 extraction procedures. For example, RNA extracted by the TRIzol LS reagent constantly had the highest yield; that by the RNAqueous kit had the highest A260/A280 ratio for almost all samples; and that by the NucleoSpin RNA II and the GenElute mammalian total RNA kit was most likely to be free of contaminations with genomic DNA.
The reverse transcription-PCR (RT-PCR) is a valuable technique that is increasingly being used for diagnosis of animal diseases caused by RNA viruses, including classical swine fever virus (CSFV). 8, 12, 13, 16, 18 CSFV is a member of the genus Pestivirus, which belongs to the family Flaviviridae. 7 The virus is highly infectious for swine and causes losses in swine production throughout much of the world. 9 Rapid and accurate detection of CSFV is critical for disease containment. 16 A prerequisite for the performance of RT-PCR is an efficient method for RNA extraction. Currently there are numerous methods that can be used to isolate and purify RNA, but there are few studies comparing extraction methods for samples of animal origin. The present study was designed to evaluate 6 commercially available methods for extraction of total RNA from blood and tissue samples collected from a CSFV-infected pig. These methods were based on RNAqueous kit a (abbreviated as the RNAqueous in this report), Micro-to-midi total RNA purification system b (the Micro-tomidi), NucleoSpin RNA II c (the NucleoSpin), RNeasy mini kit d (the RNeasy), GenElute mammalian total RNA kit e (the GenElute), and TRIzol LS reagent b (the TRIzol). This article describes the results of the evaluation focusing mainly on the yield and purity of RNA extracted by these methods and the performance of the RNA in a real-time RT-PCR and a conventional RT-PCR for the CSFV genome and a conventional RT-PCR for the endogenous mammalian gene encoding cytoskeletal ␤-actin. A young pig (about 50 pounds) was inoculated intranasally with 1 ml of a highly virulent CSFV, strain Brescia (10 6.4 TCID 50 /ml). The pig showed marked clinical signs, including high fever, inappetence, and depression and was euthanized on the sixth day after inoculation. Heparin-anticoagulated blood (5 U of heparin/ml of blood), tonsil, liver, kidney, spleen, bladder, heart, and submandibular lymph node were collected from the pig and stored at Ϫ70ЊC immediately. Approximately 1 g of each sample (except the blood) was minced in 9 ml of cold phosphate buffered saline (pH 7.2) and ground in a mortar and pestle on ice. The tissue homogenate was centrifuged at 4ЊC for 10 min at 1,000 ϫ g to eliminate larger debris. The supernatant was stored immediately at Ϫ70ЊC in 200-l portions until its use for RNA extraction.
RNA extractions were done with the 6 methods, following manufacturers' instructions with minor modifications. For each extraction, 200 l of blood or tissue supernatant was treated with 700 l of lysis buffer used in the method, and 50 l of RNA was obtained. All sample types and a control of nuclease-free water were processed in duplicate by each method. RNA solutions from the duplicate extractions for each sample were pooled to yield a total volume of 100 l. The total RNA of each of pooled RNA solutions was quantified by a spectrophotometer with ultraviolet light absorbance at 260 nm. The ratio of optical density at wavelengths of 260 nm and 280 nm was used to assess the purity of the RNA.
A qualitative real-time RT-PCR for CSFV was performed by using the commercial RT-PCR assay f on a portable PCR system g, 16 according to manufacturer's instruction. Briefly, dried RT-PCR reagents were rehydrated with 22.5 l of 1ϫ buffer and 2.5 l of RNA sample material. The reaction consisted of an RT step at 60ЊC for 10 min, followed by 55 amplification cycles at 95ЊC for 2 seconds and 60ЊC for 30 seconds. The optical data were analyzed by using computer software, g and cycle threshold (Ct) values were calculated by using a fluorescence threshold of 30 U. For conventional RT-PCR for CSFV and conventional RT-PCR for ␤-actin, RNA samples were denatured at 65ЊC for 10 min and then chilled on ice for 5 to 10 min immediately before use. The RT step was carried out in a volume of 30 l, including 3 l of RNA sample, 6 l of 5ϫ first strand buffer, 30 U of a ribonuclease inhibitor, 10 mM dithiothreitol, 1 nM each of the 4 deoxynucleoside triphosphates (dNTPs), 1.5 g of random hexamers, and 150 U of SuperScript II reverse transcriptase. b Each reaction mixture was incubated in a GeneAmp PCR System 9600 h at 41ЊC for 45 min and 95ЊC for 8 min. The PCR step was carried out in a volume of 25 l, including 5 l of RT product, 2 l of 10ϫ buffer, 300 nm each of the 2 primers, and 0.625 U of AmpliTaq DNA polymerase. h The sequence of the forward PCR primer for CSFV was ATATATGCTCAAGGGCGAGT, whereas the sequence of the reverse PCR primer for CSFV was ACAGCA-GTAGTATCCATTTCTTTA. 9 The sequences of the forward and reverse PCR primers for ␤-actin were CCAGACAGCA-CTGTGTTGGC and GAGAAGCTGTGCTACGTCGC, respectively. 3 The reaction mixtures were heated at 95ЊC for 2 min and then subjected to 35 cycles at 94ЊC for 30 seconds, 60ЊC for 1 second, and 74ЊC for 35 seconds, with an additional 6-minute extension at 72ЊC. A 10-l portion of RT-PCR products was analyzed by agarose electrophoresis with ethidium bromide staining. A sample was considered posi-tive for CSFV when it generated PCR products of the expected size of 306 bp in the conventional RT-PCR for CSFV, whereas a sample was deemed positive for ␤-actin when it generated PCR products of the expected size of 270 bp in the conventional RT-PCR for ␤-actin.
The endpoint of detection (EOD) for the RNA extracted from swine tonsil by each of 6 methods in the real-time RT-PCR was conducted to determine how much the RNA can be diluted and still yield a positive result. This was done by testing the RNA at different concentrations. The lowest concentration of the RNA sample showing a positive result in the assay was regarded as the EOD of that sample.
The yield and A260/A280 ratio of the pooled RNA solutions extracted from each sample by the 6 methods are presented in Table 1 . There were differences in yields and A260/A280 ratios of RNA obtained by these methods. RNA extracted by the TRIzol constantly had the highest yield and that by the RNAqueous had the highest A260/A280 ratio for almost all samples. No RNA was measured in the nucleasefree water control for each method. Each of the 6 extraction methods yielded sufficient RNA for positive results in the real-time RT-PCR for CSFV (Table 2) , and all RNA, except the one extracted from swine blood by the TRIzol, yielded positive results in both the conventional RT-PCR for CSFV and the conventional RT-PCR for ␤-actin. The negative control for each extraction method was negative in all 3 RT- PCR assays. The RNA extracted from swine blood by the TRIzol became positive in both conventional RT-PCR assays when it was diluted to 1:2, 1:4, or up to 1:64 in nucleasefree water. The EOD of RNA extracted from swine tonsil by RNAqueous, Micro-to-midi, NucleoSpin, RNeasy, GenElute, and TRIzol was 28.13, 6.64, 118.75, 256.25, 93.75, and 48.44 pg/ml, respectively, in the real-time RT-PCR for CSFV ( Table 3) .
The RNAqueous is based on an RNA-binding glass fiber filter. The Micro-to-midi, the NucleoSpin, the RNeasy, and the GenElute are based on the silica-gel affinity to RNA. The TRIzol is a modification of the single-step acid guanidium thiocyanate-phenol-chloroform extraction technique developed by Chomczynski and Sacchi. 2 Among the 6 methods, the NucleoSpin and the GenElute provided an on-column digestion of genomic DNA (gDNA) during RNA purification. Thus, it is likely that RNA extracted with these 2 methods did not have gDNA contaminations. The authors believe that the RNA obtained with the TRIzol is also probably free of gDNA because only the clean RNA-containing aqueous phase was aspirated and the DNA-containing interphase was avoided during the extraction. In contrast, very small amounts of gDNA may be present in RNA preparations obtained with the RNAquous, the Micro-to-midi, and the RNeasy because glass fiber and silica-gel filters do not discriminate per se between RNA and gDNA and there was no step to eliminate gDNA in these methods.
As mentioned above, virtually all samples were positive in the 3 RT-PCR assays despite the differences in yield and quality of RNA obtained by the 6 methods and the RNA extracted from tonsil by each of the 6 methods was still positive in the real-time RT-PCR for CSFV after being diluted to very low concentrations (Table 3 ). These results are not surprising because of the high sensitivity of the RT-PCR assays. It is estimated that 30 PCR cycles usually result in a 2 28 -fold (270 million-fold) amplification of the target nucleic acid sequence. 4, 20 In this study, a 2.5-l portion of RNA sample was mixed with 22.5 l of reagent solution for the real-time RT-PCR, and a 3.0-l portion of RNA was mixed with 27.0 l of reagent solution for the RT step of the conventional RT-PCR assays. It is thought that the 10-fold dilution of the sample RNA with the reagent solutions was helpful in reducing the concentration of possible inhibitors in the reaction mixture. As a result, RNA samples with lower A260/A280 ratios were still positive in the RT-PCR assays.
As shown in Table 1 , the RNA yield obtained by the 6 methods varied from sample type to sample type. Liver had the highest and blood had the lowest RNA yield. The variation of RNA yields from different samples is likely related to differences of the content of total RNA in these samples.
The fact that the RNA extracted from swine blood by the TRIzol became positive in the 2 conventional RT-PCR assays when it was diluted in nuclease-free water indicates that the original RNA solution did contain substances inhibitory to the RT-PCR and that the real-time RT-PCR was more resistant to the inhibitory substances than were the conventional RT-PCR assays. The inhibitory substances were likely to be heparin, hemoglobin, and/or lactoferrin. These substances are natural part of blood, and they are documented PCR inhibitors. 1, 14, 17, 19 In addition, heparin was added to the blood when the blood sample was taken to prevent coagulation. The reason why the real-time RT-PCR was more resistant to PCR inhibition than were the conventional PCR assays is not certain. One possible explanation is that the rTth DNA polymerase h in the real-time RT-PCR 16 is more resistant to inhibitions than is the AmpliTaq DNA polymerase used in the conventional RT-PCR assays. Al-Soud and Radstrom 1 investigated the inhibitory effects of hemoglobin and lactoferrin on 10 thermostable DNA polymerases, and they found that AmpliTaq Gold, Pwo, and Ultma were inhibited in the presence of Յ1.3 g of hemoglobin and Յ25 ng of lactoferrin, whereas rTth and Tli were found to resist inhibition of at least 100 g of hemoglobin.
There were differences among the EOD of tonsil RNA extracted by the 6 methods. These differences could be related to differences in the purity of RNA. It is speculated that the RNA with the EOD at lower concentrations is purer than are those with the EOD at higher concentrations. In addition, RNA preparations with the EOD at lower concentrations may contain a higher proportion of CSFV RNA to total RNA.
The potentials for false-positive and false-negative results are risks associated with any amplification-based assay, such as real-time and conventional RT-PCR described in this report. As a result, stringent measures must be taken and a wide range of controls must be included to confirm the accuracy of the assays. Eisller et al. 5 used West Nile virus Armored RNA as an internal positive control for monitoring of RNA extraction and RT-PCR and for detection of falsenegative results owing to failures in these processes or due to PCR inhibition. The actins constitute a family of highly conserved proteins found in all eukaryotic cells, 6, 10, 11, 15 and cytoskeletal ␤-actin is one of the most abundant cellular proteins found in mammalian and avian nonmuscle cells. 10 Collins et al. 3 conducted PCR on the ␤-actin as an internal positive control for the amplification of 10 different bovine cytokine cDNA. In the present study, the endogenous mammalian gene encoding cytoskeletal ␤-actin was amplified by the conventional RT-PCR for ␤-actin in all swine samples. As indicated earlier, RNA extracted with some of the 6 methods (the NucleoSpin, the GenElute and the TRIzol) were likely to be free of gDNA contaminations. Thus, the positive reaction of these samples in the RT-PCR for ␤-actin must be owing to the presence of ␤-actin RNA not to contaminating gDNA.
Based on the results of this study, it is concluded that all 6 RNA extraction methods are more or less useful for the detection of the CSFV genome by real-time and conventional RT-PCR in swine blood and tissues although there are differences in yield and quality of RNA obtained by these methods. In addition, the endogenous mammalian ␤-actin gene may be applicable as an internal positive control for amplification assays on samples of swine origin provided that appropriate steps are used to prevent RNA degradation before and during RNA extraction and to eliminate the presence of gDNA in RNA preparations.
